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Decades	  of	  Steep	  Decline	  in	  Numerous	  Fisheries	  



•  On	  average,	  every	  year,	  
10,000,000’s	  –	  100,000,000’s	  of	  
fish	  are	  entrained	  by	  South	  Delta	  
exports	  

•  A	  substanWal	  fracWon	  of	  Delta	  
primary	  producWvity	  (not	  to	  
menWon	  higher	  trophic	  levels)	  is	  
exported	  from	  the	  Delta	  via	  South	  
Delta	  exports	  	  

Export:	  Direct	  Effects	  are	  Widespread	  and	  Large	  
(with	  strong	  mechanisWc	  underpinnings)	  



Bay	  Delta	  ConservaWon	  Plan	  
California	  DWR	  HCP-‐NCCP	  Proposal	  

New	  Diversion	  “will	  implement	  flow	  management	  
changes	  to	  address	  the	  following	  flow-‐related	  issues	  
for	  fish.	  
•  Reverse	  flows	  in	  Old	  River	  and	  Middle	  River	  
•  Entrainment,	  salvage,	  and	  predaWon	  effects	  on	  

naWve	  fish	  species	  due	  to	  south	  Delta	  intakes.	  
•  Delta	  Cross	  Channel	  effects	  on	  fish	  migraWon.”	  
BDCP	  Conserva-on	  Strategy	  -‐-‐Page	  3.4.1	  



Altered	  Delta	  Hydrodynamics	  

•  Arise	  from	  reduced	  inflows	  and	  increased	  exports	  
and	  current	  Delta	  geometry	  

	  
•  NegaWve	  effects	  include:	  	  
– Direct	  mortality	  (“salvage”)	  
– Pre-‐screen	  mortality	  
– Altered	  hydrology	  alters	  behavioral	  cues	  (leading	  to	  
increased	  in-‐delta	  mortality)	  

– Low	  dissolved	  oxygen	  
–  Impacts	  to	  system-‐wide	  producWvity	  (direct	  and	  indirect)	  



Extremely	  Low	  (but	  RelaWvely	  Stable)	  Inflows	  to	  the	  Delta	  



Increasing	  Direct	  Export	  from	  the	  Delta	  

“…	  both	  exports	  and	  Delta	  oualow	  changed	  systemaWcally	  during	  this	  period	  [1956–
2003]	  …	  The	  Delta	  effect	  …	  increased	  over	  Wme,	  at	  the	  expense	  of	  oualow	  to	  San	  
Francisco	  Bay.	  The	  trend	  in	  Delta	  effect	  is	  due	  to	  a	  trend	  in	  water	  exports	  from	  the	  
Delta,	  as	  opposed	  to	  within-‐Delta	  depleWon	  ...	  The	  long-‐term	  increase	  in	  exports,	  from	  
approximately	  5%	  to	  30%	  of	  Delta	  inflow,	  is	  obvious…”	  [Cloern	  and	  Jassby	  2012]	  



Increasingly	  Adverse	  Hydrodynamics	  



General	  Conceptual	  Model	  
•  Altered	  hydrodynamics	  result	  from	  the	  

interacWon	  of	  inflows	  to	  the	  Delta,	  
direct	  exports,	  and	  the	  Delta’s	  current	  
geometry	  	  
–  including	  gates	  and	  barriers	  

	  

•  Biological	  effects	  are	  the	  product	  of	  
species	  behavior,	  distribuWon,	  and	  
altered	  hydrodynamics	  at	  a	  given	  Wme	  

	  

•  Altered	  hydrodynamics	  effect	  different	  
species	  (and	  life	  stages)	  differently	  	  
–  magnitude	  of	  effects	  may	  change	  from	  

year	  to	  year	  

A	  single	  metric	  or	  one	  that	  tracks	  a	  single	  mechanism	  will	  not	  provide	  
widespread	  benefit	  



General	  Conceptual	  Model	  	  
Delta	  flow	  factors	  affect	  different	  ajributes	  of	  viability	  for	  different	  species	  	  



Copied	  from	  Kimmerer	  2008	  

•  Loss	  of	  ProducWvity/Resilience	  
•  Entrainment	  (“salvage”)	  of	  

winter	  run	  Chinook	  salmon	  
increases	  with	  export	  flow	  
(Kimmerer	  2008)	  

•  Through-‐Delta	  survival	  of	  
San	  Joaquin	  basin	  Chinook	  
salmon	  ~5%	  (NMFS	  2013)	  

Entrainment	  Effects	  

“…this	  level	  of	  addi-onal	  mortality	  at	  the	  export	  facili-es	  may	  place	  
constraints	  on	  the	  rate	  of	  recovery	  of	  the	  listed	  winter-‐	  and	  spring-‐run	  
stocks…”	  [Kimmerer	  2008]	  



Copied	  from	  Rosenfield	  2010	  

•  Loss	  of	  ProducWvity/Resilience	  
•  Entrainment	  of	  longfin	  smelt	  increases	  when	  populaWon	  is	  

already	  impacted	  by	  low	  oualow	  (i.e.	  when	  it	  is	  dry)	  

Entrainment	  Effects	  



•  For	  management	  purposes	  OMR	  is	  measured	  as	  a	  mulW-‐day	  average	  
(e.g.	  14d,	  5d)	  

•  At	  this	  scale,	  conceptual	  models	  of	  “net	  flow”	  as	  a	  driver	  are	  
supported	  for	  pelagic	  and	  migratory	  species	  
–  Entrainment	  increases	  with	  increasing	  diversions/increasingly	  negaWve	  OMR	  

	  

•  Lijle	  conceptual	  support	  for	  the	  model	  of	  salmon	  orientaWon	  that	  
relies	  on	  “instantaneous”	  flows	  (e.g.	  OMR	  on	  15-‐minute	  Wme	  step)	  

	  

Entrainment:	  ProducWvity/Resilience	  
OMR	  as	  a	  Metric	  of	  Entrainment	  Effects	  

Copied	  from	  Grimaldo	  et	  al.	  2009	  

“Our	  study	  suggests	  that	  entrainment	  of	  pelagic	  species	  can	  be	  effec-vely	  
reduced	  by	  manipula-ng	  system	  hydrodynamics.”	  [Grimaldo	  et	  al	  2009]	  



Entrainment	  Effects	  

•  Loss	  of	  ProducWvity/Resilience	  
•  San	  Joaquin	  River	  Fall	  run	  Chinook	  straying	  
	  

SJR	  salmon	  stray	  rates	  were	  nega-vely	  correlated	  with	  the	  average	  
magnitude	  of	  [fall]	  pulse	  flows	  …	  and	  posi-vely	  correlated	  with	  mean	  
Delta	  export	  rates…	  Whether	  SJR-‐reduced	  pulse	  flow	  or	  elevated	  exports	  
causes	  increased	  stray	  rates	  is	  unclear.	  …	  empirical	  data	  indicates	  that	  
liVle	  if	  any	  pulse	  flow	  leaves	  the	  Delta	  when	  south	  Delta	  exports	  are	  
elevated...	  [Marsten	  et	  al.	  2012]	  



•  Loss	  of	  ProducWvity/Resilience	  	  
•  Range	  ConstricWon	  

•  Consistent	  mortality	  +	  altered	  
Delta	  hydrodynamic	  condiWons	  
may	  restrict	  range	  of	  fishes	  
including:	  	  
– Delta	  smelt;	  	  
– longfin	  smelt;	  	  
– San	  Joaquin	  salmonids	  

	  

•  Range	  restricWon	  increases	  
suscepWbility	  to	  catastrophic	  
events	  

Entrainment	  Effects	  



Entrainment	  Effects:	  Abundance	  

•  Loss	  of	  ProducWvity/Resilience	  
•  Range	  ConstricWon	  
•  Abundance	  Effects	  	  
•  Delta	  smelt	  

(e.g.	  Bennej	  2005;	  Kimmerer	  2008	  &	  2011	  Mac	  Nally	  et	  al.	  2010;	  Thomson	  et	  
al.	  2010;	  Rose	  et	  al.	  2013)	  

	  
	  
	  
	  

	  
	  

	  

“...a	  loss	  [of	  Delta	  smelt]	  to	  export	  pumping	  on	  the	  order	  reported	  by	  
Kimmerer	  (2008)	  can	  be	  simultaneously	  nearly	  undetectable	  in	  regression	  
analysis,	  and	  devasta-ng	  to	  the	  popula-on.	  This	  also	  illustrates	  how	  
inappropriate	  sta-s-cal	  significance	  is	  in	  deciding	  whether	  an	  effect	  is	  
biologically	  relevant.”	  [Kimmerer	  2011] 	  	  



Delta	  Smelt	  Abundance	  Decline	  of	  1995–2005	  

Authors	   Finding	  
Rose	  et	  al	  
2013	  

•  Growth	  of	  juveniles	  in	  the	  fall–winter,	  temperature,	  and	  hydrodynamics	  
clearly	  had	  the	  strongest	  effects	  [on	  populaWon	  growth]	  

•  Figure	  8	  from	  Maunder	  and	  Deriso	  (2011)	  …	  agrees	  with	  our	  analysis,	  
showing	  higher	  entrainment	  mortality	  during	  the	  same	  years	  as	  in	  our	  
simulaWon;	  however,	  we	  would	  term	  their	  Figure	  8	  results	  as	  providing	  
more	  than	  “some”	  support	  for	  a	  nega7ve	  effect	  of	  adult	  entrainment.	  	  

Maunder	  
and	  Deriso	  
2011	  

•  [Our	  model]	  did	  not	  include	  exports,	  but	  included	  explicit	  esWmates	  of	  
entrainment.	  We	  found	  some	  support	  for	  adult	  entrainment,	  …	  	  

•  The	  coefficients	  are	  similar	  magnitudes	  for	  most	  covariates	  except	  those	  
for	  water	  clarity	  and,	  parWcularly,	  adult	  entrainment,	  which	  had	  much	  
larger	  effects	  **	  

Thomson	  et	  
al	  2010	  

•  Export	  flows	  in	  winter	  and	  spring	  were	  negaWvely	  associated	  with	  
abundance	  of	  delta	  smelt	  and	  threadfin	  shad	  

•  …at	  the	  estuary	  scale,	  abioWc	  factors	  (water	  clarity,	  X2,	  exports)	  may	  have	  
more	  influence	  …	  than	  do	  bioWc	  variables.	  

Mac	  Nally	  
et	  al.	  2010	  

•  …there	  is	  evidence	  of	  potenWal	  effects	  of	  water	  exports	  on	  delta	  smelt	  and	  
threadfin	  shad	  

•  No	  single	  factor	  explains	  enWre	  decline	  
•  Entrainment/Exports	  are	  among	  the	  most	  important	  factors	  



Delta	  Smelt	  Abundance	  
High	  Entrainment	  Losses	  Persist	  Under	  BDCP	  

But	  are	  Responsive	  to	  Hydrological	  CondiWons	  +	  OperaWons	  



•  Loss	  of	  ProducWvity/Resilience	  
•  Range	  ConstricWon	  
•  Abundance	  Effects	  	  

•  Life	  History	  Diversity	  Erosion	  
•  Life	  history	  impacts	  indicated	  
for	  Delta	  smelt	  (Bennej	  2005)	  	  

•  Similar	  impact	  would	  be	  
expected	  for	  many	  naWve	  
species	  including	  longfin	  smelt	  
and	  Chinook	  salmon	  

Slide	  reprinted	  with	  permission,	  B.	  BenneV	  2012	  

Entrainment	  Effects	  



“Water	  export	  from	  the	  Sacramento-‐San	  Joaquin	  Delta	  is	  a	  direct	  source	  
of	  mortality	  to	  fish…	  and	  export	  plus	  within-‐Delta	  deple-on	  alters	  
system	  energe-cs	  of	  an	  already	  low-‐produc-vity	  ecosystem	  by	  removing	  
phytoplankton	  biomass	  equivalent	  to	  30%	  of	  Delta	  primary	  
produc-on.”	  [Cloern	  and	  Jassby,	  2012	  ci-ng	  Jassby	  2002].	  

•  Loss	  of	  ProducWvity/Resilience	  
•  Range	  ConstricWon	  
•  Abundance	  Effects	  
•  Life	  History	  Diversity	  Erosion	  	  
•  Loss	  of	  ProducWvity	  (system-‐wide)	  

Entrainment	  Effects	  

~three	  50’	  boxcars	  worth	  of	  water	  (&	  food)	  exported	  every	  second	  



AddiWonal	  Impacts	  of	  Altered	  Hydrodynamics	  
[It’s	  more	  than	  just	  entrainment]	  

•  Export	  restricWons	  in	  the	  WQCP	  have	  
led	  CVP/SWP	  to	  shix	  exports	  and	  Delta	  
inflow	  towards	  the	  summer	  and	  fall	  	  
–  Alters	  hydrograph	  shape	  

•  Cross	  Channel	  Gate	  OperaWon	  
–  Alters	  distribuWon/entrainment	  

suscepWbility 	  	  

•  Low	  DO	  in	  the	  south	  Delta	  
–  Forms	  migraWon	  barrier	  that	  constricts	  

geographic	  range	  

•  Favors	  invasive	  species	  
	  …	  the	  Delta	  [has]	  shi`ed	  into	  a	  different	  assemblage	  of	  dominant	  organisms	  ...	  [which]	  
reflects	  an	  altered	  physical	  environment	  in	  which	  the	  Delta	  has	  become	  simplified	  into	  
a	  channelized	  conveyance	  system	  to	  support	  export	  of	  fresh	  water	  from	  and	  through	  
the	  Estuary	  during	  summer	  and	  to	  reduce	  freshwater	  ouclows	  at	  other	  -mes	  of	  year.	  	  
[Moyle	  et	  al.	  2010]	  




